The commercialized ZnO nanopowder has been employed in this study to investigate the photocatalytic degradation of two organic compounds, Methylene Blue (MB) and Phenol Red (PR) in an aqueous suspension of ZnO nanoparticles under UV light irradiation. This study has considered ZnO as the photocatalyst because it has been reported as a suitable substitute for TiO 2 in certain application. For the characterization of the ZnO photocatalyst, X-ray diffraction (XRD), transmission electron microscopy (TEM), specific surface area analysis (BET), and UV-visible spectroscopy were exploited. X-ray diffractometry result for the ZnO nanoparticles exhibit normal crystalline phase features. All observed peaks can be indexed to the pure hexagonal wurtzite crystal structures, with the space group of P6 3 mc. From the XRD pattern, no diffraction peaks from other impurities have been observed. In addition, TEM measurement shows that most of the nanoparticles are spherical and rod-like in shape and fairly monodispersed. A significant degradation of the organic compounds were observed in the presence of the catalyst without the irradiation of the UV light and the degradation increases significantly when irradiated with the UV light for a certain period of time. Besides, for the same period of irradiation, the photodegradation of the organic compounds was increased as the photocatalyst loading increases. The BET measurement for ZnO was 11.9 m 2 /g. The effect of some parameters such as initial concentration of organic compounds and photocatalyst loading were also determined.
Introduction
Zinc oxide (ZnO) has been extensively studied metal oxide in recent years involving many applications due to its wide band gap (3.37 eV) and large exciton binding energy (60 meV). Besides, ZnO is a low cost material with a vast potential in industrial applications. ZnO has been widely used as a photocatalyst for treating water contamination. Very rigorous studies have been carried out on many photocatalytic systems (UV/semiconductors) due to their ability to photosensitize the complete mineralization of a wide range of organic compounds, like phenols, dyes and pesticides, at near room temperature and pressure, without producing harmful by-products [1, 2, 3, 4, 5, 6, 7, 8] .
Albeit in many photocatalytic activities TiO 2 was generally considered as the best photocatalyst that has the ability to treat water from a numerous organic pollutants [6, 7] , there was a comparative performance of photocatalytic activities between ZnO and TiO 2 . ZnO has even been found to be better than TiO 2 in some application [2, 18] . Therefore, ZnO can be a suitable alternative for TiO 2 as reported by Kansal et al. [3] .
Lately, with the population exponentially expanded, accompanying with the increase in the industrial activities, environmental contamination has been placed as one of the greatest threats to the modern society. In this context, pulp and paper mills and textile industries are the major production of large amount of effluents that bring serious environmental problems as they contain organic compounds during the treatments or dyeing processes [1, 3, 17] .
In the present study, we aimed to expound on the photodegradation of two organic compounds, which are methylene blue (MB) and phenol red (PR), through various analytical processes, like the concentration of the organic compounds, illumination duration, and the photocatalyst loading. PR has been chosen to be one of the organic compounds due to its wide applications but little information is available on its degradation properties, especially with ZnO photocatalyst. It has been accepted in a wide range of applications, such as pH indicator, bromination catalysts, estrogenic properties and screening test [9, 10, 11, 12 ].
Experimental Methods

Materials
Zinc oxide (ZnO) was purchased from Sigma-Aldrich, and was used directly without any further purification. Methylene blue (MB) and phenol red (PR) were purchased from Sigma-Aldrich and were also used without further treatment. Distilled water was used for the preparations of various concentrations of the solutions.
Procedures
To start the degradation process, the photocatalyst was premixed with distilled water to obtain different concentration of the catalysts loading. In addition, methylene blue and phenol red were also premixed with distilled water to obtain the desired concentration. After that, 3.30 ml of each organic compound was added with 0.20 g of premixed catalyst of desired concentrations. These samples were then placed under UV light to observe the effect of irradiation time on the degradation processes. These samples were exposed to UV radiation for 0.5 hours intervals. Then, 1.5 wt% to 3.5 wt% of the catalyst solutions were prepared to investigate the effect of degradation due to the photocatalyst loading, on both MB and PR.
Characterization and Photocatalytic Analysis
The ZnO nanopowder was characterised by X-ray diffraction (XRD) using Bruker AXS-D8 Advance diffractometer equipped with CuK α radiation over the scan range 2θ of 4 o to 70 o at room temperature. The morphology of the sample was studied using a LEO 912AB high-resolution transmission electron microscope (TEM) equipped with energy filter. TEM sample was obtained from a suspension of ZnO then was sonicated before it was dropped onto a 300-mesh carbon-coated copper grid and then evaporated the solvent. The specific surface area was determined on the basis of BET instrument using Micromeritics ASAP 2020 V3.01 H. The sample was degassed for 2 hrs at 250 o C prior to the N 2 adsorption analysis
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The photocatalytic experiments were conducted to investigate the photodegradation of the MB and PR in photocatalystic aqueous suspension system. The study of the photocatalytic degradation of the organic compounds was carried out in the immobilized mode, as the aqueous were prepared in the test tube. As have been studied by many researchers, there was significant degradation in the organic compounds even in aqueous immobilized mode [6, 13, 18] . The UV irradiation was carried out in the UV chamber equipped with five UV tube each producing light source of 254 nm wavelength. After the UV light irradiation, each sample was centrifuged to separate the ZnO nanoparticles suspensions. The concentration of MB and PR were measured by UV-vis spectrophotometer using Cary 50 detector with a scan rate of 120 nm/min in the range of 400 nm to 800 nm and 200 nm to 800 nm, respectively. The rate of degradation was studied in terms of changes of the absorption maximum for MB and PR at the absorption peak of 665 nm and 440 nm, respectively. The percentage degradation was calculated from the initial and final absorption of the UV-vis experiments as follows:
where C o = initial concentration of organic compound, C = concentration of organic compound after certain duration of photoirradiation. Similar experimental analysis was carried out for variation of initial concentration of organic compound, different concentration of the photocatalyst loading (1.5 -3.5 wt%).
Results and discussion
Characterization of the photocatalyst
The characteristics of ZnO nanopowder, such as surface area, particle size and morphology, were determined. These characteristics are very crucial in providing the efficiency to degrade the organic compound [14] . The BET surface area for the nanopowder was found to have a value of 11.9 m 2 /g. This may contribute to the high photocatalytic activities of the samples since the photocatalytic reaction takes place on the catalyst surface when irradiated with ultraviolet light. From the XRD characterization, as depicted in Figure 1 , the 2θ values coincides with those of the standard hexagonal ZnO structures. It is in agreement with the standard hexagonal wurtzite crystal sturctures with space group P6 3 mc as reported in the JCPDS File for the standard ZnO XRD pattern [15] . Furthermore, there were similar peaks observed which indicate the high crystalline structure purity of the nanomaterials. If the sample contains low amount of impurities, the associated impurities diffraction maximum will be detected in the XRD spectrum. Nevertheless, only the diffraction peaks for ZnO were detected. Indicating there is no other crystalline impurities presence in the sample. Advanced Materials Research Vol. 895
In Figure 2 , TEM measurement showed that most of the nanoparticles are spherical to rodlike shape and fairly monodispersed. Since the ZnO nanopowder was obtained and used directly without further treatment, therefore current experiment unable to comment on the efficiency of the shape of the photocatalyst in the photodegradation of organic compound, unless to compare with samples from other productions or sources. On the other hand, an approximation has been done on the mean diameter of ZnO on the original TEM image. It was estimated that the mean diameter of ZnO nanopowder is 122 nm. In the process to determine the mean diameter of the sample, significant number of the particle structures have been measured which is within the range of 50 nm to 280 nm. However, larger size particles are much lesser than the small size particles. Thus that is how the 122 nm mean diameter of the sample is obtained. 
UV-vis spectra
Certain dyes are self-degraded when exposed to direct UV light for a short period of time, even without the presence of catalyst. Therefore, blank experiments were carried out to observe the effects. The concentration used in this observation was 3.6 ppm of MB with individual solutions of 20 ml each was prepared in seven different test tubes. One test tube was quarantine, which was the zero hour sample, while the other six were immediately irradiated under the UV light. This observation was conducted for three hours with 30 minutes interval between each sample. As shown in Figure 3 , the UV-vis spectra measurement showed a gradual decrease with time exposure as methylene blue was irradiated with UV light. The decreasing of the absorption peak which was observed at 665 nm indicates that organic compound degradation in methylene blue has taken place. This also indicates that MB is self-degradable if exposed to UV light.
Similar investigation was conducted on PR solutions without the presence of catalyst under direct illumination of UV light. It was also irradiated in a 30 minutes interval for three hours to observe if degradation effect also takes place. However, there were insignificant changes observed for the duration of 3 hours (< 1%). This showed that the organic compound in the PR solution was
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Effect of initial dye concentration
Dyes at different concentrations will be degraded at different rate when they are irradiated with UV light due to the amount of organic compound each solution possessed. In investigating this effect, five samples of MB with concentration of 1.2, 2.4, 3.6, 4.8 and 6.0 ppm were prepared. All these samples were then treated under the irradiation of UV light without the presence of the photocatalyst. As can be observed in Figure 4 , samples with higher concentration of MB has a higher absorption pick at 665 nm. This indicates that solutions with higher concentration contains more organic compounds and will require more time to be degraded. Figure 5 shows the UV-vis spectra measurement for different concentration of PR solutions. The absorption peak was observed at 440 nm. The peaks were gradually decreased as the concentration decreases. This again indicates that the amount of organic compound contained is less for solution with lower concentration. 
Effect of irradiation duration
In the observation of the photodegradation of MB with the presence of catalyst, all the samples achieve 80% or more degradation after being irradiated for 1.5 hours, Figure 6 . It can be seen that 1.2 ppm sample achieved the highest degradation among the others. This is in agreement with the previous results, where samples with lower concentration contain less organic substances. For solutions with higher concentration, the degradation process is lower because there was a limited surface area for all the organic compounds to be degraded since the amount of catalyst presence was equal. Besides, higher concentration of MB may block the amount of light to penetrate into the solutions, which may decrease the accident light onto the catalyst and lower interaction resulted.
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Solid State Science and Technology IV As mentioned earlier, without ZnO substitution, no effect was recorded on the degradation of PR. However, after ZnO was added into the solution, the absorption peak at 440 nm dropped significantly, whereas a new peak was observed at 565 nm. These two absorption peaks represent the absorption spectra for proton donor (HPR) and proton acceptor (PR-) forms of the phenol red with the inclusion of ZnO photocatalyst. Since PR is a weak acid, therefore the proton donor form dissociates reversibly in solution into a proton donor and proton acceptor form. The decreasing of the absorption peak, at 440 nm, after being irradiated with UV light indicates that the decomposition of organic compound in the solution has taken place, whereas the new absorption peak was also decreased with time. In Figure 7 , the percentage degradation of PR increases with the decrease of its initial concentration for both 0.5 hr and 1.0 hr irradiation time. This was in agreement with the understanding that even though the concentration of the organic compound is high, however the amount of organic compound that able to interact with the catalyst was limited. This is because photocatalytic degradation process takes place only on the surface of the catalyst [17] . It is also shown that with the addition of ZnO into the solution, 20% and more of the organic compound has been decomposed, even before irradiated with UV light. For 0.50 hr irradiation, more than 60% to 80% of the organic substances have been degraded from the 0.0353 ppm and 0.0141 ppm solutions, respectively, whereas when irradiated for 1.0 hr the percentage degradation were 83% to 97%, respectively. Figure 7 clearly shows that the highest percentage degradation is 0.0141 ppm solution. This can be seen that the degradation is more achievable when the concentration is lower. When the initial concentration of PR is higher, it will have inhibitory effect on the photodegradation due to the photons interception before they can reach the catalyst surface, decreasing the absorption of photons by the catalyst. This phenomenon can be explained due to the increase of incidental photonic flux irradiating the catalyst in the dilute PR solutions. Therefore, the rate of hydroxyl radical (OH•) production increases which may allow the degradation to be faster [18] .
Effect of photocatalyst loading
The photocatalytic degradation of organic compound was carried out under the UV light of wavelength 254 nm. The concentration of catalyst loading was varied from 0.50 to 3.50 wt% for the study of the photodegradation of the MB and PR.
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Solid State Science and Technology IV Generally, as shown in Figure 8 , the percentage of degradation was increased as the catalyst loading increases. For the short irradiation time, 0.5 hours, the percentage of degradation was highest for the 1.50 wt% catalyst. These initial differences might be due to the fact that as the loading increases, the penetration of light was block due to increase of solution opacity and hence decreases the degradation. However, for longer irradiation time, almost all the degradation arrived at the same amount of percentage. The amount of catalyst in the solution is an important parameter that can affect the photodegradation rate of PR. It was found that the degradation value increases with the catalyst loading, but the degradation may be saturated when the loading arrived at certain concentration. The photodegradation efficiency of PR for different concentration of ZnO was shown in Figure 9 .
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In Figure 9 , the percentage of degradation was generally increased as the concentration of the ZnO catalyst increases. With the increase of the catalyst concentration, the number of active sides on the photocatalyst surface increases, which in turn, increase the number of hydroxyl, and superoxide radicals. However, when the concentration of ZnO catalyst was 3.5 wt%, the degradation rate seems to reach equilibrium value. In spite of the increased of the catalyst concentration, the degradation processes have arrived to its limit. This can be explained due to the contents of the organic subtances which was constant throughout this test. Therefore, even though the interaction surfaces have increased, the concentration of PR was limited.
Conclusions
Even though MB able to self-degrade, however the observations showed that with the presence of those photocatalysts, the photodegradation processes were more effective and less time consuming.
For PR solutions, it can be concluded that the photocatalytic degradation of PR can only takes place with the presence of the photocatalyst. This is because without catalyst it might take a very long time to photodegrade. Experimental results showed that, with the existence of ZnO nanoparticles, the photodegradation of PR was significantly enhanced which implies the great potential of this material in the waste water treatment system. For different initial concentration of dyes, it can be deduced that the percentage of degradation was higher for solution with lower concentration for the same duration of degradation period, where for this study was 0.0141 ppm PR.
Acknowledgement
We are greatly acknowledged the financial support obtained from MOSTI, Government of Malaysia, with the grant No. 03-02-12-SF0019.
